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(57) Abstract: Dispersion shifted fiber having low dispersion

slope comprising a centre core, two claddings, a ring core and

the outer glass region, wherein the first cladding is provided

onto the outer periphery of the centre core, the second cladding

is provided onto outer periphery of the first cladding and the ring

core is provided onto outer periphery of the second cladding, and

the outer glass region surrounds the ring core, and the centre core

and the ring core have higher refractive indices, and the claddings

have lower refractive indices than the outer glass region, and

the refractive indices are constrained by the equation i\x > a*

> ns >n2 > n3 . In accordance with preferred embodiment the

fibre comprises of a centre core, two claddings, two ring cores,

and an outer glass region, wherein the first cladding is provided

onto the outer periphery of the centre core, the second cladding

3 is provided onto the outer periphery of the first cladding,

the first ring core is provided onto the outer periphery of the

second cladding, the second ring core 5 is provided onto the

outer periphery of the first ring core and the outer glass region

surrounds the second ring core, and the refractive indices arc

constrained by the equation n! > a, > n5 > ru> > n2 > n3 .
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TITLE OF THE INVENTION

Dispersion Shifted Fiber having Low Dispersion Slope

5 Technical Field of the Invention

The present invention relates to dispersion shifted fiber having low

dispersion slope, particularly it relates to dispersion optimized fiber having low

dispersion slope between 1530 to 1565 nm (C-band) and 1565 to 1625 nm (L-

io band) transmissions. More particularly it relates to single mode dispersion

optimized fiber, which is suitable for transmission of higher bandwidth over longer

distance with more uniform chromatic dispersion over the third and fourth

window and yet has optimized mode field diameter to achieve low bending

induced loss at 1550 nm and at the more critical 1600 nm wavelength.

15

Background Art of the Invention

Over the last decade, the optical fibers have been developed and installed

as the backbone of interoffice networks for voice, video and data transmission.

20 These are becoming important with growing and expanding telecommunication

infrastructure. Their importance is further increasing because of their high

bandwidth applicability. The higher bandwidth demand is further increasing

exponentially with time because of rapid growth of information technology.

25 The capacity of lightwave communication systems has undergone

enormous growth during the last decade. The growing bandwidth demand can be

met by using a dense wavelength division multiplexing, hereinafter referred to as

DWDM, approach with low dispersion fibers. The requirements of fiber have had

to change to support these advances, especially the requirement for the amount

30 and uniformity (slope) of chromatic dispersion across these wavelengths. The
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DWDM approach enhances the effective data rate of an optical fiber link by

increasing the number of wavelength channels within the wavelength band.

Conventionally, the multi-mode fiber at wavelength of 850 nm were used,

5 which were replaced by single mode fibers with zero dispersion wavelength near

1310 nm. The single mode or monomode optical fibers have greater bandwidth

than that of the multimode fibers.

Therefore, the research has been directed towards the development of the

10 single mode fibers, as these fibers were observed to have lower attenuation

between the wavelength range from 1300 nm to 1550 nm.

However, when single wavelength moved through 1550 nm window for

lower attenuation, the single mode fibers were observed to have very high

15 dispersion.

The major disadvantage of the single mode fibers with high dispersion at

1550 nm was that, it obstructed higher bit rate transmission. This disadvantage of

single mode fibers has been overcome by the improved single mode fibers,

20 known as dispersion shifted fibers, which have zero dispersion even when the

wavelength shifted to 1550 nm.

The theoretical analysis reveals that a single mode fiber having Low

dispersion and low dispersion slope with higher effective area is most desirable

25 for' high capacity DWDM, as referred hereinabove, transmission. However, the

dispersion shifted fibers used for long distance systems in the prior art have

higher dispersion which promotes poor DWDM performance. The dispersion

flattened fiber which specify the dispersion magnitude less than 2 ps/nm.km

between 1.3 to 1.6 nm have zero dispersion region within the DWDM window.

30 This result is strong four wave mixing, which prevents good DWDM performance.
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Ideally the dispersion of an optical fiber should have a constant value over

the entire wavelength-operating region. However, the dispersion of fibers varies

with the wavelength as the refractive index varies with the wavelength. Their

5 dispersion slope S0 quantifies this variability. The smaller the slope the less the

dispersion varies with the wavelength. Another advantage of the low dispersion

and low dispersion slope fiber is that its small dispersion allows its minimum

dispersion to be increased to better suppress the Four Wave Mixing non-linearity,

while still keeping the fiber minimum dispersion small enough for the signals to

10 travel to longer distances with minimum need for dispersion and dispersion slope

compensation. .

The prior art of the chromatic dispersion fiber has been illustrated in Fig 1.

It is a result of material and the waveguide dispersion. In the theoretical

is treatments of intramodal dispersion it is assumed, for simplicity, that the material

and the waveguide dispersion can be calculated separately and then added to

give the total dispersion of the mode. In reality these two mechanisms are

intrinsically related, since the dispersive properties of the refractive index, which

gives rise to' material dispersion, also affect the waveguide dispersion. Material

20 dispersion occurs because the index refraction varies as a function of the optical

wavelength. On the other way waveguide dispersion is a function of the refractive

index profile shape.

The parameters, like refractive index and radius of each part of the fibre,

25 like centre core, cladding(s), ring core(s) and outer core, and the relationship

between refractive index and radius of such parts of the fibre, and number of

cores and claddings decide the characteristic properties of thus obtained fiber

and the applications of thus obtained fiber.
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Therefore, the fibers known in the art are distinguished by way of their

characteristic properties, which in-turn are decided by various parameters as

stated herein above. The fibers as known in the prior art either have low non-

linearity but high bend loss or have low bend loss but less effective area or may

5 have higher non-linearity and higher bend loss or may have non-uniform

chromatic dispersion over the third and fourth window or high dispersion slope,

that is the fibre will not have optimum characteristic properties and will sacrifice

one of the property for achieving another property.

10 It has been observed that the dispersion and dispersion slope varies with

the wavelength and refractive index varies with the wavelength.

Therefore, in view of variation of dispersion and dispersion slope with the

wavelength and variation of refractive index with the wavelength constant efforts

15 are being made to develop optical fibers which have optimum dispersion and

dispersion slope and yet having such a refractive index profile and the

configuration which is easy to be achieved and accordingly it is easy to fabricate

the desired fiber which is suitable in as wider range of the wavelength as

possible.

20

Therefore, the inventors of the present invention have made an attempt to

develop the fiber, which will have optimum characteristic properties, that is which

will not sacrifice one of the characteristic property to achieve another

characteristic property,

25

Need of the Invention

Therefore, there is a need to develop dispersion shifted fiber, particularly

single mode dispersion optimized fiber having as far as possible optimum low

30 dispersion slope between 1530 to 1565 nm (C-band) and 1565 to 1625 nm (L-
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band) transmissions, more particularly to develop a fiber which is suitable for

transmission of higher bandwidth over longer distance with more uniform

chromatic dispersion over the third and fourth window and yet has optimized

mode field diameter to achieve low bending induced loss at 1550 nm and at the

5 more critical 1 600 nm wavelength.

Objects of the Invention

<
i The main object of the present invention is to make a complete disclosure

10 of two fibers, which have low dispersion slope particularly between 1530 to 1565

nm (C-band) and 1565 to 1625 nm (L-band) regions.

Another object of the present invention is to make a complete disclosure

of two fibers which have low dispersion slope and are suitable for long haul

is transmission.

Still another object of the present invention is to make a complete

disclosure of two fibers which have low dispersion and optical loss between 1530

to 1565 nm (C-band) and 1565 to 1625 nm (L-band) wavelength bands but also

20 have as far as possible optimized effective area, cut-off wavelength and mode

field diameter.

Yet another object of the present invention is to make a complete

disclosure of two fibers, which not only have high level of bend resistance but

25 also have minimized non-linearities with optimum chromatic dispersion.

Nature and Brief Description of the Invention

r »

In accordance with theoretical analysis carried out by the inventors, it

30 appears that the main drawbacks and limitations of the prior art can be overcome
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by a fiber, which has chromatic dispersion between about 2.6 to 6.0 ps/nm.km

and about 3.9 to 8.6 ps/nm.km over the operating wavelength 1530 to 1565 nm

(C-band) and of 1565 to 1625 nm (L-band) respectively and maximum dispersion

slope less than about 0.05 ps/nm2.km over the said wavelength regions.

5 Therefore, in the present invention an attempt has been made to develop a fiber

having such a refractive index profile and configuration which is not only easy to

be achieved but also easy to be fabricated, wherein said fiber will have chromatic

dispersion and dispersion slope characteristics in or closer to said ranges or

values.

10

In accordance with the present invention a dispersion shifted fiber having

low dispersion slope between 1530 to 1565 nm (C-band) and 1565 to 1625 nm

(L-band) transmissions, particularly a single mode dispersion optimized fiber,

which is suitable for transmission of higher bandwidth over longer distance with

is more uniform chromatic dispersion over the third and fourth window and yet has

optimized mode field diameter to achieve low bending induced loss at 1550 nm

and at the more critical 1600 nm wavelength is disclosed comprising a centre

core, two claddings, a ring core and the outer glass region, wherein first cladding

is provided onto the outer periphery of the centre core, second cladding is

20 provided onto outer periphery of the first cladding and the ring core is provided

onto outer periphery of the second cladding, and the outer glass region

surrounds the ring core.

According to the present invention the refractive indices of various regions

25 of the presently disclosed fibre are related in a manner that the centre core and

the ring core have higher refractive indices, and the claddings have lower

refractive indices than that of the outer glass region and are so selected that

dispersion and chromatic dispersion slope are low and the bend loss during C-

and L- band transmissions is also low. The radii of each of the said parts are also
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so selected that the dispersion and chromatic dispersion slope, and the bend

loss during C- and L- band transmissions are in the desired range.

The other preferred embodiments and the advantages of the present

5 invention will be more apparent from the following description when it is read in

conjunction with the accompanying figures which are not intended to limit the

scope of the present invention,

Brief Description of the Accompanying Figures

10

The nature of the present invention is described with the help of

accompanying figures, which are incorporated with a view to demonstrate the

invention and its best mode of operation of the present invention. The present

invention is however, limited by the relation of refractive indices and their

15 respective values and/or by radii of various parts of the disclosed fiber as

elaborated in the following description.

Fig 1 shows the prior art of the chromatic dispersion of dispersion shifted

fiber along with its material and waveguide components.

20

Fig 2a shows a cut section of the optical fiber in accordance to the present

invention.

Fig 2b shows the refractive index profile of the optical fiber shown in figure

25 2a in accordance to the present invention.

Fig 3a shows a cut section of the optical fiber in accordance to the

preferred embodiment of the present invention.
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Fig 3b shows the refractive index profile of the optical fiber shown in

figure 3a in accordance to the preferred embodiment of the present invention.

Fig 4 shows the chromatic dispersion along with waveguide dispersion of

5 the optical fiber shown in figure 2a in accordance to the present invention.

Fig 5 shows the chromatic dispersion along with waveguide dispersion of

the optical fiber shown in figure 3a in accordance to the preferred embodiment of

the present invention.

10

Fig 6 shows the intensity distribution along the diameter of the presently

disclosed optical fiber shown in figure 2a in accordance to the present invention.

Fig 7 shows the intensity distribution along the diameter of the presently

is disclosed optical fiber shown in figure 3a in accordance to the preferred

embodiment of the present invention.

Detailed Disclosure of the Invention

20 In accordance with the present invention a disclosed optical fiber, shown

in figure 2a, comprises of a centre core 1, two claddings 2 and 3, a ring core 4

and the outer glass region 5, wherein first cladding 2 is provided onto the outer

periphery of the centre core 1, second cladding 3 is provided onto outer

periphery of the first cladding 2 and the ring core 4 is provided onto outer

25 periphery of the second cladding 3, and the outer glass region 5 surrounds the

ring core 4 [Figure 2a].

According to this invention the centre core 1 and ring core 4 of the

presently disclosed optical fiber have higher refractive indices, and the claddings

30 2 and 3 have lower refractive indices than that of the outer glass region 5 [Figure
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2b]. The refractive index of the centre core 1, first cladding 2, second cladding 3,

ring core 4 and outer glass region 5 are identified by symbols n 1f n2 ,
n3> n4 and n5

respectively and in accordance with the present invention, these refractive

indices are so selected that dispersion and chromatic dispersion slope are low

5 and the bend loss during C- and L- band transmissions is also low, and

according to the present invention these refractive indices and their values are

constrained by the following equations :

ni > n4 > n5 > n2 > n3

10 0.008 > (ni . n5) > 0.0075

0.0015 >(n4 .n5)> 0.0012

-0.001 <(n2 .n5)< -0.0006

- 0.0015 <(n3 .n5)< -0.0008

15 The optical fiber disclosed herein above and illustrated in accompanied

figures 2a and 2b is insensitive to microbend loss and dispersion slope no more

than 0.05 ps/nm2.km.

In a specific embodiment of the present invention the optical fiber shown

20 in figure 2a has :

ni-n5 = about 0.007

n4 -n5 = about 0.0014

n2 .n5 = about -0.0005

25 n3 .n5 = about -0.0012

The presently disclosed optical fiber of figure 2a is also identified by the radius

of teach of the said parts, that is of the centre core 1, first cladding 2, second

cladding 3 and a ring core 4, wherein the radius of centre core 1, first cladding 2,

30 second cladding 3 and ring core 4 are identified by symbols a2t a3 and a4
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respectively and in accordance with the present invention, these radii are so

selected that the dispersion and chromatic dispersion slope, and the bend loss

during C- and L- band transmissions are in the desired range, and according to

the present invention these radii are restricted by the following equations :

5

ai = about 2.8 urn

a2 = about 4.3 nm

a3 = about 6.3

Ba = about 9.2 nm

10

In accordance to the preferred embodiment of the present invention the

optical fiber [Figure 3a] comprises a centre core 1, two claddings 2 and 3, two

ring cores 4 and 5 t and an outer glass region 6, wherein first cladding 2 is

provided onto the outer periphery of the centre core 1 , second cladding 3 is

15 provided onto the outer periphery of the first cladding 2, first ring core 4 is

provided onto the outer periphery of the second cladding 3, second ring core 5 is

provided onto the outer periphery of the first ring core 4 and outer glass region 6

surrounds the second ring core 5.

20 According to the preferred embodiment of the present invention the refractive

indices of centre core 1, first cladding 2, second cladding 3, first ring core 4, second

ring core 5 and an outer glass region 6 of the optical fiber [Figure 3a] are identified by

rh, n2 , n3l n4 , n5 and n6 respectively and in accordance with the preferred

embodiment of the present invention, these refractive indices are so selected

25 that dispersion and chromatic dispersion slope are low and the bend loss during

C- and L- band transmissions is also low and are in desired range, and according

to the present invention these refractive indices and their values are constrained

by the following equations :

30 ni>n4 > ns> n6 > n2 > n3
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0.008 >(ni.n6)> 0.0075

0.0016 >(n4 -n6)> 0.0012

0.0012 >(n5 .n6)> 0.0010

-0.001 <(n2 .n6)< -0.0006

5 - 0.0015 < (n3 -n6) < - 0.0008

In a specific embodiment of the present invention the optical fiber shown

in figure 3a has :

The presently disclosed optical fiber of figure 3a is also identified by the radius

of each of the said parts, that is of the centre core 1, first cladding 2, second

cladding 3, first ring core 4 and second ring core 5, wherein the radius of centre

core 1, first cladding 2, second cladding 3, first ring core 4 and second ring core

20 5 are identified by symbols ai, a2 , a3 ,
a4 and as respectively and in accordance

with the present invention, these radii are so selected that the dispersion and

chromatic dispersion slope, and the bend loss during C- and L- band

transmissions are in the desired range, and according to the present invention

these radii are restricted by the following equations :

10 ni - n6 = about 0.0071

n4.n6 = about 0.0015

n5 .n6 = about 0.0013

n2 .n6 = about -0.0005

n3 .n6 = about -0.0012

15

30

ai = about 2.8 |im,

a2 = about 4.3 ^m,

a3 = about 6.3 jam,

34 = about 8.0 pin,

35 = about 9.2 jim
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In one illustrative embodiment of the present invention the refractive index

profile of the optical fiber shown in figure 2a comprises two single annular rings 2

and 3 of germanium and flourine doped material between a germanium doped

5 centre core 1 and ring core 4. The outer glass region 5 is provided onto the outer

periphery of the germanium doped ring core 4.

ro

In accordance with the present invention the optical fiber shown in figure

2a having a refractive index profile and relative radius of each of the said part as

disclosed hereinabove has been identified having following characteristics :

15

20

Attenuation

Dispersion at 1530 to 1565 nm

Dispersion at 1565 to 1625 nm

Dispersion slope

Polarization Mode Dispersion (PMD)

Mode Field Diametre (MFD)

Cut off wavelength

Core concentricity

Cladding diameter

Microbending

Macrobending

Proof test

about < 0.22

about 2.5 to 6.0 ps/nm.km

about 3.9 to 8.6 ps/nm.km

about <_0.05 ps/nm2
.km

about < 0.08 ps /km0,5

about 8.3 + 0.6 ^im

about < 1280 nm

about < 0.6 ^im

about 125 + 1

about < 0.05 dB at 1550 nm

about < 0.5 dB at 1550 nm

about 100 kpsi

25 In one illustrative embodiment of the present invention the refractive index

profile of the optical fiber shown in figure 3a comprises two single annular rings 2

and 3 of germanium and fluorine doped material between a germanium doped

centre core 1 and ring core 4. The germanium doped second ring core 5 is

provided onto the outer periphery of the first ring core 4. The outer glass region 6

30 is provided onto the outer periphery of the germanium doped second ring core 5.
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In accordance with the present invention the optical fiber shown in figure

3a having a-refractive index profile and relative radius of each of the said part as

disclosed hereinabove has been identified having following characteristics :

5

Attenuation about < 0.22

Dispersion at 1530 to 1565 nm about 1 to 6.0 ps/nm.km

Dispersion at 1565 to 1625 nm about 4 to 8.6 ps/nm.km

Dispersion slope about <_0.05 ps/nm2
.km

Polarization Mode Dispersion (PMD) about < 0.08 ps /km
0 5

Mode Field Diameter (MFD) about 8.3 + 0.6

Cut off wavelength about < 1450 nm

Core concentricity about < 0.6 nm

Cladding diametre about 125 + 1

Microbending about < 0.05 dB at 1 550 nm

Macrobending about < 0.5 dB at 1 550 nm

Proof test about 100 kpsi

In accordance to the present invention, Fig 4 discloses the chromatic

20 dispersion characteristics of the optical fiber shown in figure 2a. It also shows

how waveguide dispersion controls the low dispersion and low dispersion slope

of the fiber.

The waveguide dispersion is given by the following equation :

25

n2A 1 T d
2
(Vb)"

c k dV2

30 wherein X is the wavelength of the light, b is the normalized propagation constant

and c is the velocity of the light. The broken curve of figure 4 represents the
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waveguide dispersion characteristics of the fiber with ^ . n5 = 0.007, n4 . n5 =

0.0014, n2 . n5 = - 0.0005, n3 . ns = - 0.0012, a, = 2.8 jim, a2 = 4.3 |am, a3 = 6.3 jam,

a4 = 9.2 \xm in accordance to the present invention.

5 In accordance to the preferred embodiment of the present invention, Fig 5

discloses the chromatic dispersion characteristics of the optical fiber shown in

figure 3a. It shows how waveguide dispersion controls the low dispersion and low

dispersion slope of the said fiber.

10 The modal field extends far into the cladding for the optical fiber and its

preferred embodiment. Thus Mode Field Diameter (MFD) is very different from

core diameter.

Fig 6 discloses the intensity field distribution, overlapped on the refractive

15 index profile of the optical fiber shown in figure 2a, across the diameter of the

fiber.

Fig 7 discloses the details regarding intensity distribution characteristics of

the optical fiber shown in figure 3a in accordance to the preferred embodiment of

20 the present invention.
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CLAIMS

1 . Dispersion shifted fiber having low dispersion slope comprising a centre core

1 , two claddings 2 and 3, a ring core 4 and the outer glass region 5 f wherein

the said centre core 1 and said ring core 4 have higher refractive indices, and

the said claddings 2 and 3 have lower refractive indices than the said outer

glass region 5, and the refractive indices are constrained by the following

equation :

ni> n4 > n5 > n2 > n3 ,

and values of their refractive indices are constrained by the following

equations

:

0.008 >(ni.n5)> 0.0075

0.0015 > (n4 .n5)> 0.0012

0.001 <(n2 -n5)< -0,0006

- 0.0015 <(n3 .n5)< -0.0008

wherein ni, n2 , n3 , n4 and n5 represent the refractive index of said centre

core 1, said first cladding 2, said second cladding 3, said ring core 4 and

said outer glass region 5 respectively.

2. Dispersion shifted fiber according to claim 1 , wherein said first cladding 2 is

provided onto the said outer periphery of the said centre core 1 , said second

cladding 3 is provided onto outer periphery of the said first cladding 2 and the

said ring core 4 is provided onto outer periphery of the said second cladding

3, and the said outer glass region 5 surrounds the said ring core 4.

3. Dispersion shifted fiber according to claim 1 or 2, wherein said values of the

refractive indices of said members of the fibre are constrained by the following

equations

:

ni.n5 = about 0.007

n4 .n5 = about 0.0014

n2 -n5 = about -0.0005

n3 .n5 = about -0.0012

SUBSTITUTE SHEET (RULE 26)



WO 02/088803 PCT/IN02/00115

16

4. Dispersion shifted fiber according to claim 1 , 2 or 3, wherein the radius of said

members of the fibre are restricted by the following equations :

ai = about 2.8 urn

a2 = about 4.3 fxm

5 a3 = about 6,3

a4 = about 9.2 jim

wherein ai, a2, a3 and a4 represents radius of said centre core 1, said first

cladding 2, said second cladding 3 and said ring core 4 respectively.

5. Dispersion shifted fiber according to claim 1 comprising a centre core 1, two

10 claddings 2 and 3, two ring cores 4 and 5, and an outer glass region 6,

wherein the refractive indices are constrained by the following equation :

ni>n4 >n5 > n6 > n2 > n3

and values of their refractive indices are constrained by the following

equations

:

15 0.008 > (ni .n6) > 0.0075

0.0016 >(n4 .n6)> 0.0012

0.0012 >(n5 .n6)> 0.0010

- 0.001 <(n2 _n6)< -0.0006

- 0.0015 <(n3 .n6)< -0.0008

20 wherein n 1f n2l n3l n4 , n5 and n6 represent refractive index of said centre core

1, said first cladding 2, said second cladding 3, said first ring core 4, said

second ring core 5 and said outer glass region 6 respectively.

6. Dispersion shifted fiber according to claim 5, wherein said first cladding 2 is

provided onto the outer periphery of the said centre core 1, said second

25 cladding 3 is provided onto the outer periphery of the said first cladding 2, said

first ring core 4 is provided onto the outer periphery of the said second

cladding 3, said second ring core 5 is provided onto the outer periphery of the

said first ring core 4 and said outer glass region 6 surrounds the said second

ring core 5.
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7. Dispersion shifted fiber according to claim 5 or 6, wherein said values of the

refractive indices of said members of the fibre are constrained by the following

equations

:

ni - n6 = about 0.0071

n4 -n6 = about 0.0015

n5 .n6 = about 0.0013

n2: n6 = about -0.0005

n3 .n6 = about -0.0012

8. Dispersion shifted fiber according to claim 5, 6 or 7, wherein the radius of said

members of the fibre are restricted by the following equations :

ai = about 2.8 nm,

a2 = about 4.3 (am,

as = about 6.3 jim,

a4 = about 8.0 ^m,

as = about 9.2 |im

wherein a<\ t a2, a3, a* and a5 represent radius of said centre core 1, said first

cladding 2, said second cladding 3, said first ring core 4 and said second

ring core 5 respectively.

9. Dispersion shifted fiber according to claim 1, 2, 3 or 4, wherein the refractive

index profile comprises two single annular rings 2 and 3 of germanium and

flourine doped material between a germanium doped centre core 1 and ring

core 4.

10. Dispersion shifted fiber according to claim 1 , 2, 3 or 4, wherein the attenuation

of the said fibre is about < 0.22, polarization mode dispersion (PMD) is about

< 0.08 ps /km
0 5

, mode field diametre (MFD) is about 8.3 + 0.6 ^im and cut off

wavelength is about < 1280 nm.

1 1 . Dispersion shifted fiber according to claim 1 , 2, 3 or 4, wherein the dispersion

of the said fibre at 1530 to 1565 nm is about 2.5 to 6.0 ps/nm.km and at 1565

to 1625 nm is about 3.9 to 8.6 ps/nm.km.
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12. Dispersion shifted fiber according to claim 1, 2, 3 or 4, wherein the dispersion

slope of the said fibre is about <_0.05 ps/nm
2
.km.

13. Dispersion shifted fiber according to claim 1, 2, 3 or 4, wherein the core

concentricity of the said fibre is about < 0.6 ^m and cladding diameter is

5 about 125 + 1.

14. Dispersion shifted fiber according to claim 1, 2, 3 or 4, wherein the

microbending of the said fibre is about < 0.05 dB at 1550 nm and

macrobending is about < 0.5 dB at 1550 nm.

15;* Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the refractive

10 index profile of the said fiber comprises two single annular rings 2 and 3 of

germanium and fluorine doped material between a germanium doped centre

core 1 and ring core 4.

16. Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the attenuation

of the said fibre is about < 0.22, polarization mode dispersion (PMD) is about

15 < 0.08 ps /km05, mode field diameter (MFD) is about 8.3 ± 0.6 fxm and cut off

wavelength is about < 1450 nm.

17. Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the Dispersion

of the said fibre at 1530 to 1565 nmis about 1 to 6.0 ps/nm.km and at 1565 to

1625 nm is about 4 to 8.6 ps/nm.km.

20 18. Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the Dispersion

slope of the said fibre is about < 0.05 ps/nm
2
.km.

19. Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the core

concentricity of the said fibbre is about < 0.6 |im and cladding diametre is

about 125 ±1.

25 20. Dispersion shifted fiber according to claim 5, 6, 7 or 8, wherein the

microbending of the said fibre is about < 0.05 dB at 1550 nm and

macrobending is about < 0.5 dB at 1 550 nm.

21. Dispersion shifted fiber as claimed and described herein above with the help

of and as illustrated in the accompanying drawings.

SUBSTITUTE SHEET (RULE 26)



WO 02/088803 PCT/EN02/00115

1/7

Prior Art

E

E
.c
*w
Q.

c
o
"e
0
CL
52

Q -

20

15 -

10 -

5

-5

10

Single mode

— Oispersion

shifted

-Oispersion

flattened

-15

1200 1300 1400 1500
wavelength (nm)

1600

Fig 1

SUBSTITUTE SHEET (RULE 26)



WO 02/088803 PCT/IN02/00115

2/7

1.452 i

1.451

1.45 i

g 1-449

1 1.448
<o

| 1.447 1

G 1.446 i

* 1.445

1.444

1.443

1.442

Rg2b

Hi

n2

n4

115

n 3

2 3

r/a

5

SUBSTITUTE SHEET (RULE 26)



WO 02/088803 PCT/IN02/00115

3/7

Outer glass (6)

First Ring core (4)

Second Ring Core (5)

Center core ( I)

First cladding (2)

Second cladding (3)

Fig 3a

X
01

x»
c
QJ
>
tJ

1.452

1.451

1.45

1.449 -

1.448 -

1.447

1.446 H

1.445

1.444 -

1.443 -

1.442

ni

114

n2

n3

r/a

n6

5

Fig 3b

SUBSTITUTE SHEET (RULE 26)



WO 02/088803

4/7

PCT/BV02/00115

^ 1.3E+01

£

E
.c
"(55

Q_— -2.0E+O0
c

-7.0E-+00

8.0E+00

3.0E+00

CD

CO
-1.2E+01

Q -1.7E+01

-2.2E+01

— Total Disp

"wa -waveguide

disp

;—i
1

1300 1400 1500 1600

wavelength in nm

1700 1800

9k

SUBSTITUTE SHEET (RULE 26)



SUBSTITUTE SHEET (RULE 26)



WO 02/088803

6/7

PCTYIN02/00115

0 2 4

r/a

Fig. 6

SUBSTITUTE SHEET (RULE 26)



WO 02/088803 PCT/IN02/00115

7/7

SUBSTITUTE SHEET (RULE 26)


